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Did Going North Give Us Migraine? An Evolutionary Approach 
on Understanding Latitudinal Differences in Migraine 
Epidemiology
Alessandro Viganò, MD, PhD; Andrea Manica, PhD; Vittorio Di Piero, MD, PhD;  
Michela Leonardi, PhD
This commentary discusses a recent publication by evolutionary biologists with strong implications for migraine experts. 
The Authors showed that a gene polymorphism associated with migraine gave our ancestors an evolutionary advantage when 
colonizing northern, and thus colder, territories. They then highlight that the prevalence of migraine may differ among coun-
tries because of climatic adaptation. These results may prove useful in planning both epidemiological and physiological studies 
in the field of migraine.
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Migraine is a complex neurological disabling dis-
order that is unfortunately very common. Its world-
wide prevalence is higher than any other disorder, 
except tension-type headache and dental cavities.1 It 
has a wide global distribution: it can be found in all 
continents, but with a prevalence that varies across geo-
graphic regions, higher in North, South America and 
Europe, intermediate in Asia, and lowest in Africa.2 In 
general, within each continent, migraine is more prev-
alent in high-latitude  regions (both northbound and 
southbound).
The causes of such differences are still unknown: 
they appear to be partially linked to socioeconomic and 
educational status, but there are possible methodological 
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biases associated, and those factors still fail to fully 
 explain the observed distribution.3 Moreover, recent 
studies weakened this hypothesis as headache distribu-
tion does not fit sociodemographic development.2
We still cannot exclude the effects of confounders, 
since some countries still lack epidemiological data 
about migraine (analyses principally focus on Western 
countries), available studies span temporally over de-
cades and it is hard to compare results from old and new 
publications (see Ref. 2 for a discussion of this topic).
Recently, serum level of vitamin D (strictly depen-
dent on latitude) has been advocated to explain this 
difference, but to date it seems to influence the preva-
lence of tension-type headache rather than migraine.4,5
From a genetic point of view, single-nucleotide 
polymorphisms (SNPs) associated with common 
forms of migraine (both with and without aura) have 
been found in a dozen genes.6 Among them there is the 
TRPM8 gene, encoding for the receptor with the same 
name, which is the only known receptor for cold and 
plays an important role in cold sensation and physio-
logical thermoregulation.7,8 It appears to be regulated 
by the SNP rs10166942, one of the polymorphisms 
most reliably associated with migraine. This SNP 
is present in humans in 2 variants: C,  ancestral and 
protective against migraine, and T, which  appeared 
after a mutation (=derived) and is associated with 
 increased risk of migraine.9
A recent article9 investigated the distribution of 
the rs10166942-T allele focusing on its role in cold 
adaptation. They analyzed 20 populations from 
Africa, Asia, and Europe from the 1000 Genomes 
project10 and 220 genomes from the Simons Genome 
Diversity project.11 The frequencies of the T variant 
varies a lot among geographic regions, being much 
more common in people living at high latitude than 
in those closer to the equator (88% in Finland vs 5% 
in Nigeria), and it significantly correlates with both 
latitude and temperature.9
So, why and how did the T mutation of the 
rs10166942 SNP reach such high frequencies in some 
populations, especially given the fact that it is associ-
ated with a painful and potentially invalidating con-
dition such as migraine?
The authors performed a large set of analyses and 
computer simulations. Comparing a null model where 
the T variant spread following the demographic 
history of the human population in its expansion 
from Africa to the rest of the world,12 with one where 
the same variant gave an advantage to those who car-
ried it when living in cold regions, the second model 
appeared much more likely than the first one. This 
means that the distribution of the T variant is most 
likely the result of adaptation to cold environments.
What about migraine? The story seems to be the 
following one: when humans reached northern latitudes 
and colder regions (Europe and Northern Asia), the 
(likely) few individuals carrying the rs10166942-T vari-
ant had more migraine than people carrying the C vari-
ant, but were also better adapted to the cold, and had a 
better chance of surviving and have children (they were 
“positively selected,” in evolutionary terms). For this 
reason, the T variant increased in frequency in colder 
regions of the globe, while migraine became a sort of 
price-to-pay in order to be able to survive better in those 
areas with challenging climatic conditions. This study 
has the advantage that the implications about migraine 
distribution are the result of analyses on two sets of 
 genetic data independently collected10,11 without consid-
ering diagnostic information (which may be influenced 
by methodological choices). The study aimed at investi-
gating climatic adaptation based on allele frequencies of 
a genetic variant associated with cold perception that by 
chance appears to play a role in migraine. In fact, some-
how, the  results obtained on migraine are a “side effect,” 
and, so, appear more reliable, as the frequency found for 
the rs10166942-T allele nicely matches the known preva-
lence of the disease obtained with other methods.
On the other hand, it is important to remember 
that the association between variation at the rs10166942 
locus and migraine prevalence is high but not complete, 
and (as already suggested) other factors may play a sig-
nificant role in shaping the prevalence of the disease.
Even considering these limitations, this is the first 
study trying to link the geographical distribution of 
migraine with natural selection and typical evolution-
ary mechanisms, and in our opinion it represents a new 
and powerful way to investigate migraine, especially 
considering that recent epidemiological studies found 
no clear correlation between migraine prevalence and 
usual known determinants (eg, socioeconomic status).2
Given the results presented in Key et al9 and the 
very high worldwide prevalence of migraine, it is 
 indeed possible that common forms of migraine, as 
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 migraine with or without aura, traditionally consid-
ered as single entities, may actually include multiple 
subtypes characterized by distinct genetic and possi-
bly pathophysiological aspects. This interpretation is 
reinforced by the fact that genome-wide studies found 
a large number of genetic variants implicated in several 
functions associated with migraine.3 Under this sce-
nario, the geographical distribution of some subtypes 
may depend on the evolutionary forces shaping the 
spread of the associated SNPs across the continents.
As a conclusion, we would like to encourage in-
tegrating an evolutionary approach in the analysis of 
migraine and other genetically determined disease, 
together with a closer collaboration between clinical 
and evolutionary researchers. Such collaborations 
has proven very valuable for the medical practice (eg, 
when antigenic cartography has been used to better 
plan influenza vaccines).13
We are aware that such an effort for interdiscipli-
narity may be difficult for many reasons, but it has 
the power not only to increase understanding of the 
epidemiology of such diseases but may also be of 
great utility for planning both epidemiological and 
physiological studies.
Acknowledgments: The authors are grateful to the editor 
Thomas N. Ward and two anonymous reviewers, whose 
comments greatly improved the manuscript.
REFERENCES
 1. Vos T, Flaxman AD, Naghavi M, et al. Years lived 
with disability (YLDs) for 1160 sequelae of 289 dis-
eases and injuries 1990-2010: A systematic analysis 
for the Global Burden of Disease Study 2010. Lancet. 
2012;380:2163-2196. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/23245607. Accessed October 29, 2018.
 2. GBD 2016 Headache Collaborators LJ, Nichols E, 
Steiner TJ, et al. Global, regional, and national bur-
den of migraine and tension-type headache, 1990-
2016: A systematic analysis for the Global Burden 
of Disease Study 2016. Lancet Neurol. 2018;17:954-
976. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/30353868. Accessed January 14, 2019.
 3. Haut SR, Bigal ME, Lipton RB. Chronic disorders 
with episodic manifestations: Focus on epilepsy and 
migraine. Lancet Neurol. 2006;5:148-157. Available 
at: http://www.ncbi.nlm.nih.gov/pubmed/16426991. 
Accessed October 29, 2018.
 4. Kjaergaard M, Eggen AE, Mathiesen EB, Jorde R. 
Association between headache and serum 25-hy-
droxyvitamin D; the Tromsø study: Tromsø 6. 
Headache. 2012;52:1499-1505.
 5. Prakash S, Mehta NC, Dabhi AS, Lakhani O, 
Khilari M, Shah ND. The prevalence of head-
ache may be related with the latitude: A possible 
role of Vitamin D insufficiency? J Headache Pain. 
2010;11:301-307. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/20464624. Accessed January 14, 
2019.
 6. Sutherland HG, Griffiths LR. Genetics of migraine: 
Insights into the molecular basis of migraine disor-
ders. Headache. 2017;57:537-569.
 7. Bautista DM, Siemens J, Glazer JM, et al. The 
menthol receptor TRPM8 is the principal detector 
of environmental cold. Nature. 2007;448:204-208. 
Available at: http://www.nature.com/articles/na-
ture05910. Accessed October 29, 2018.
 8. Wang H, Siemens J. TRP ion channels in ther-
mosensation, thermoregulation and metabolism. 
Temperature. 2015;2:178-187. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/27227022. Accessed 
October 29, 2018.
 9. Key FM, Abdul-Aziz MA, Mundry R, et al. Human 
local adaptation of the TRPM8 cold receptor along 
a latitudinal cline. PLOS Genet. 2018;14:e1007298.
 10. The 1000 Genomes Project Consortium. A global 
reference for human genetic variation. Nature. 




 11. Mallick S, Li H, Lipson M, et al. The Simons genome 
diversity project: 300 genomes from 142 diverse 
populations. Nature. 2016;538:201-206. Available 
at: http://www.nature.com/articles/nature18964. 
Accessed January 10, 2019.
 12. Eriksson A, Betti L, Friend AD, et al. Late 
Pleistocene climate change and the global expan-
sion of anatomically modern humans. Proc Natl 
Acad Sci U S A. 2012;109:16089-16094. Available at: 
http://www.pubmedcentral.nih.gov/articlerender.fc-
gi?artid=3479575&tool=pmcentrez&rendertype=ab-
stract. Accessed July 16, 2015.
 13. Smith DJ, Lapedes AS, de Jong JC, et al. Mapping 
the antigenic and genetic evolution of influenza 
virus. Science. 2004;305:371-376. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/15218094. Accessed 
January 9, 2019.
